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The Step Potential
Consider a step potential:  [image: image1.wmf]
with a particle (or beam of particles) incident from the left.

Case I  [image: image2.wmf]  Classically, the particle jumps the step and proceeds with reduced momentum.  [image: image3.wmf]
In Q.M. we solve the Schrödinger equation on each side:
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where  [image: image5.wmf]
The term of amplitude A represents a wave incident from the left.

The term of amplitude B represents the reflected wave.

The term of amplitude C represents the transmitted wave.

D  =  0 if there is no beam incident from the right.
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Incident flux  =  [image: image7.wmf]
Reflected flux  =  [image: image8.wmf]
Transmitted flux  =  [image: image9.wmf]
We are working with unnormalized wave functions, but we are only interested in ratios:

Fraction of flux reflected  =   [image: image10.wmf]
Fraction of flux transmitted  =  [image: image11.wmf]
To find these, use continuity of y and dy/dx  at  x  =  0 and solve the two equations for B/A and C/A.

Case II  [image: image12.wmf]  Classically, the particle is reflected.  It has momentum [image: image13.wmf] before hitting the barrier and [image: image14.wmf] afterward.
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The solution before the barrier is the same as in Case I, but now the solution after the barrier is a bit different:

[image: image16.wmf]
where [image: image17.wmf] is the same as before, but [image: image18.wmf] differs from [image: image19.wmf].

[image: image20.wmf]
To keep y finite we must set C  =  0.  Again we use continuity of y and dy/dx  at  x  =  0 and solve the two equations for B/A and D/A.The wave function inside the barrier becomes negligible in a few times 1/[image: image21.wmf].  Yet there is a finite probability that the particle will go “into” the barrier.  This would be unimportant, since we can’t make measurements there, except for the possibility of the barrier being of finite size.  Then we obtain “tunneling” (http://www.neti.no/java/sgi_java/WaveSim.html), which was used by George Gamow and by Edward Condon & Ronald Gurney in 1928 to explain alpha decay (http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/alptun2.html).

